to an isotropic pattern of random dots. moving uniformly in one direction. elevates the luminance detection threshold for patterns of test dots moving in various directions. Threshold elevation is maximal whenever test and adaptation directions are the same. and falls to zero for opposite directions. The "tuning curve" for directional selectivity measured in this way is rather broad. with some threshold elevation being present even when test and adaptation directions differ by 45". This direction-specific adaptation is only found when "absolute" detection thresholds are measured: if a higher, "pattern" criterion is used for detection, threshold elevation is non-specific for direction of movement.
ISTRODCCTION
The human visual system contains mechanisms which are selective for the direction in which patterned stimulation moves. The existence of these mechanisms was initially suggested by studies on the waterfall illusion (Wohlgemuth. 19 I 1) . and was later demonstrated by means of direction-specific adaptation (Sekuler and Ganz. 1963; Pantle and Sekuler, 1969) . This kind of adaptation is defined by the fact that prolonged observation of a pattern drifting in one direction selectively elevates the contrast detection threshold for similar patterns. producing greater threshold elevation for test patterns which move in the same direction as the adaptation stimulus than for test patterns which move in the opposite direction. In previous studies of direction-specific adaptation, stimuli con-* Supported by a grant from the National Science Foundation (BNS 77-15858 *, In order to provide repetitive moving stimulation in a fixed area of the visual field. investigators have used gratings (patterns made of parallel. alternating light and dark bars) displayed in a "window" which obscures the actual sides and ends of the grating. Whenever part of such a grating moves past an edge of the window it disappears. while an equivalent portion of the pattern simultaneously moves into view from behind the opposite edge of the window. Any attempt to move such a grating parallel to its bars will fail to change the pattern. and therefore such movement cannot functionally exist. Motion in any other direction can be resolved into two orthogonal components. one parallel to the grating bars and one perpendicular to them. Because the parallel component cannot function as motion. movements which are not parallel to the grating's bars are always converted into motion perpendicular to the bars.
*The plausible assumption that random dot patterns and gratings might be detected by the same class of visual mechanism is by no means crucial to an interpretation of our results. sisted of grating patterns which could only drift in directions perpendicular to their bar orientations.: Experimenters therefore had to vary orientation with direction, confounding the two (Sekuler rr al., 1968). or had to limit manipulations to two opposite directions of motion (Sekuler and Ganz. 1963; Pantle and Sekuler, 1969) . Unambiguous information could not be obtained about interactions between directions which differed by less than 180". In the present study. we extend measurements of direction-specific adaptation to two dimensions by using isotropic patterns: fields of spatially random dots which can be made to drift in any desired direction.3 We thus obtain a more complete, two-dimensional picture of human selectivity for direction of movement.
XIETHODS
Stimuli used in these experiments were sheets of random dots generated on a cathode ray display (P4 phosphor) under control of a small computer. The face of the display tube was uniformly illuminated at 1.5 cd/m' and the incremental luminance of the dots could be varied up to 16.5 cd/m'. The distribution of spectral energy for a dot pattern was approximately the same along all meridans (i.e. the patterns were effectively isotropic). The two-dimensionai uniformity of the dot patterns was assessed both statistically and by visual inspection of their optical Fourier transforms.
Viewed monocularly, the patterns appeared within a circular aperture (dia. 8" visual angle); for most measurements about 400 dots were simultaneously visible. All dots in a sheet drifted uniformly, along parallel paths (velocity 4" visual angle per second). giving the appearance of an infinite. textured surface moving continuously behind the aperture. Direction of movement'was variable over a full 360". and could be set with an accuracy of better than 1'. Individual
